Abstract: This study was conducted to examine the nutrient intake status of cancer survivors. A total of 5224 cancer survivors, 19,926 non-cancer individuals without comorbidities (non-cancer I), and 20,622 non-cancer individuals with comorbidities, matched by age, gender, and recruitment center location were included in the analysis. Generally, the proportion of total energy from carbohydrates was higher and the proportion from fat was lower in cancer survivors. The odds ratios (ORs) for total energy (OR = 0.92, 95% confidence interval (CI) = 0.86-0.99), proportion of total energy from fat (OR = 0.54, 95% CI = 0.35-0.83), and protein (OR = 0.85, 95% CI = 0.79-0.90) were significantly lower, and the OR for the proportion of total energy from carbohydrates was higher (OR = 1.21, 95% CI = 1.10-1.33) in the cancer survivors than in non-cancer I. Additionally, the cancer survivors' protein, vitamin B 1 , vitamin B 2 , niacin, and phosphorus intakes were lower, whereas their vitamin C intake was higher. When divided by cancer type, the ORs for the carbohydrate percentages were significantly higher in the colon and breast cancer survivors, whereas protein intake was lower in gastric, breast, and cervical cancer survivors. The nutrient intake patterns in Asian cancer survivors are poor, with higher carbohydrate and lower fat and protein intakes.
Introduction
The number of cancer survivors has rapidly increased with the increases in both cancer incidence and survival rates over the last several decades [1] , with 32.5 million 5-year cancer survivors worldwide [2] . In Korea, the 5-year cancer relative survival rate has improved compared with the rate 15 years ago, from 41% to 68%. The prevalence of cancer survivors was 2453 per 100,000 individuals in 2012. Compared with Western countries, the proportion of cancer survivors of gastric and thyroid cancer was higher due to higher incidence and relatively lower 5-year mortality rate [3] . Cancer survivors have an increased risk of not only secondary cancer but also other chronic diseases, including cardiovascular disease, endocrine diseases, and diabetes [4, 5] . These adverse outcomes following cancer may be caused by the cancer itself, the treatments [6] or common modifiable lifestyle behaviors, suggesting the importance of informed lifestyle choices for cancer survivors [7] [8] [9] . Among the modifiable factors, nutrition or dietary habits play an important role not only in the development of cancer [10, 11] , but also in the etiology of chronic diseases, quality of life, or prognosis, including mortality from cardiovascular diseases in cancer survivors after cancer diagnosis [9, 12] . Thus, identifying nutritional status and patterns might be a priority for cancer survivors, to improve long-term health and survival by planning and conducting appropriate nutritional interventions in these populations. 
Nutrient Intake
Nutrient intake was assessed using a validated semi-quantitative food frequency questionnaire consisting of 106 food items, frequencies of servings, and portion sizes. Daily nutrient intake values were estimated by the sum of the nutrients of each food item using the Food Composition Table of Korea [21, 22] . Among the estimated nutrient intakes, total energy (kilocalories), protein, fat, carbohydrates (% of total energy), vitamin A, vitamin B1, vitamin B2, niacin, folate, vitamin B6, vitamin C, calcium, phosphorus, iron, and zinc were investigated in detail using the recommended dietary intakes established for Koreans [23] .
Statistical Analysis
Of the matched participants, 1106 individuals had incomplete dietary questionnaires, including missing values for nutrient intake (48 cancer survivors, 595 non-cancer I, and 463 non-cancer II). After excluding these individuals, nutrient intake was compared between 5224 cancer survivors, 19,926 non-cancer I individuals, and 20,622 non-cancer II individuals using two methods: the mean intake of each nutrient between the three groups and the proportion of subjects with an intake of each nutrient higher than the recommended value compared to non-cancer I (reference group).
The baseline characteristics of the cancer survivors, non-cancer I individuals, and non-cancer II individuals were compared using the Chi-square test, and the mean of each nutrient level was compared by analysis of variance (ANOVA) with a post hoc comparison (Tukey's test). Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated to evaluate whether the cancer survivors and non-cancer individuals with comorbidities had nutrient intakes that were better than the intakes of the non-cancer I individuals by conditional logistic regression, adjusted for age, marital status, education level, income level, job status, smoking status, drinking status, current physical activity, and body mass index, based on measured height and weight. Although age was used as one of the matching variables, we also adjusted for age in the conditional logistic regression analysis due to the significant differences in age between the three groups. Body mass index was categorized as <23, 23-24.9 , and ≥25 kg/m 2 according to the report from the World Health Organization for Asia-Pacific regions [24, 25] . Additionally, the Wald test was applied for differences in nutrient intakes between the cancer survivors and non-cancer II individuals. A subgroup analysis for each cancer type with 300 or more cases was conducted for the mean nutrient comparison, and the ORs were compared with non-cancer I. Subgroups with less than 300 cases were classified as an "other cancer" group. Cancer survivors diagnosed with more than one cancer 
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Results
The mean age of the 5224 cancer survivors was 55.8 years, and 74.9% were women. The top five cancer types (stomach, colon, breast, cervix, and thyroid) accounted for 66% of the cancer survivors, and the mean interval from diagnosis was 6.6 years. Table 1 shows the baseline characteristics of study participants in three groups. Table 2 shows the comparison of the means of each nutrient intake. The daily total energy, protein, proportion of total energy from protein, fat, proportion of total energy from fat intake, as well as vitamin B 1 , vitamin B 2 , niacin, phosphorus, and zinc intakes were lower in the cancer survivors than in the non-cancer I individuals. However, the proportion of total energy from carbohydrates, fiber and vitamin C intakes were higher compared to the non-cancer I individuals. When compared with the non-cancer II individuals, the cancer survivors' protein, proportion of total energy from protein, fat, proportion of total energy from fat, and vitamin B 1 intakes were lower, whereas the proportion of total energy from carbohydrates and the fiber, folate, vitamin C, vitamin E, iron, and potassium intakes were higher. Table 3 shows the proportions and adjusted conditional ORs of the proportions of nutrient intakes that were higher than the recommended value for each nutrient. In all three groups, more than 80% of the subjects had a proportion of energy intake from carbohydrates that was higher than the recommended value and 1% or less of the subjects had a higher proportion of energy intake from fat than the recommended value. The cancer survivors consumed more energy from carbohydrates and less from fat.
The ORs for total energy, proportion of total energy from fat, and protein were significantly lower for the cancer survivors than they were for non-cancer I individuals (OR = 0.92, 95% CI = 0.86-0.99; OR = 0.54, 95% CI = 0.35-0.83; and OR = 0.85, 95% CI = 0.79-0.90, respectively), whereas the OR for the proportion of total energy from carbohydrates was higher (OR = 1.21, 95% CI = 1.10-1.33). Moreover, the cancer survivors' protein, vitamin B 1 , vitamin B 2 , niacin, and phosphorus intakes were lower than the non-cancer I individuals. Conversely, the proportion of cancer survivors with a vitamin C intake above the recommended value was higher (OR = 1.16, 95% CI = 1.08-1.23). Compared with the non-cancer II individuals, the cancer survivors' macronutrient intakes, including the proportions of total energy from fat intake and protein, were lower, whereas the proportion of total energy from carbohydrates and the vitamin A, folate, vitamin B 6 , vitamin C, and iron intakes were higher (p < 0.05, Table 3 ).
When we divided the cancer survivors by cancer type, the thyroid cancer survivors did not show significant differences in their intakes of any nutrients. However, the proportion of total energy from fat intake was lower and the proportion of total energy from carbohydrate intake was higher in all other cancer types than they were in the non-cancer I individuals. Additionally, the gastric cancer survivors' protein, vitamin B 1 , vitamin B 2 , calcium, and phosphorus intakes were lower and the breast and cervical cancer survivors' total energy, protein, and vitamin B 1 intakes were lower (Table 4) . Table 5 shows the adjusted ORs for intakes higher than the recommended levels for each nutrient in each type of cancer survivor compared with the non-cancer I individuals. The ORs of the proportion of total energy from carbohydrates were significantly higher in the colon and breast cancer survivors, suggesting that these individuals consumed more carbohydrates than the non-cancer population. Additionally, protein intakes were lower in the gastric, breast, and cervical cancer survivors. The ORs of vitamin B 1 intake were significantly lower in the gastric, colon, and breast cancer survivors, niacin intake ORs were lower in the breast cancer survivors, and phosphorus intake ORs were lower in the gastric, breast, and cervical cancer survivors. Conversely, for vitamin C intake, ORs were significantly higher in the gastric and colon cancer survivors. 
Discussion
This study is one of the few studies to compare nutrient intake in cancer survivors with matched, unaffected people, based on population study results. The results suggested that cancer survivors' nutrient intake statuses were poor, compared with non-cancer individuals without comorbidities, in terms of total energy, the proportion of energy from carbohydrates and fat, B vitamins, niacin, and phosphorus, but were better in regard to vitamin C intake. Even when compared with non-cancer individuals with comorbidities, the cancer survivors' proportions of energy from carbohydrates and fat and their protein intakes were poor, although their micronutrient intakes were better.
Although several previous studies have reported the poor dietary intake of adult cancer survivors, these studies considered specific types of foods, such as only fruit and vegetable consumption (5-A-Day) [8, 26] , specific guideline adherence [27] , or weight change as markers for nutrient intake [28] . One recent study conducted in a Western population estimated all nutrient intake levels and suggested poor adherence to dietary guidelines in cancer survivors, which was similar to our results. However, the nutrients with poor intakes differed between previous Western studies and this study. Zhang et al. showed higher energy intakes, saturated fat, and sodium and lower vitamin D, vitamin E, potassium, fiber, and calcium intakes in cancer survivors [13] , which was in contrast to our results in which lower calorie, protein, and fat intakes were found. These different patterns of dietary nutrient intakes in cancer survivors may be affected by both different eating patterns in cancer survivors and background nutrient intake patterns in the general Western and Asian populations. The dietary protein, carbohydrate, saturated fat, B vitamin, niacin, and folate intakes were higher than the recommended levels in people without a history of cancer in the study by Zhang et al. [13] , whereas the intakes of these nutrients were lower (with the exception of the carbohydrate intake) in this study population, even in the non-cancer individuals.
In Asian countries where polished rice-based meals are common, the diet is higher in carbohydrates but low in animal fat [29] . This difference may affect the lower levels of nutrient intake from animal products, such as fat, protein, and B vitamins. The mean values of all nutrients were comparable with previous nationally representative studies in Korea [30, 31] , suggesting that carbohydrate intake was higher and intake of nutrients from animal products was generally lower than recommended in Korea. Furthermore, several other studies conducted in Asian countries showed lower nutrient intake levels, especially for total energy, protein, and fat, in both the general population [32] and cancer survivors [33] [34] [35] .
When we focused on the comparison of nutrient intakes in cancer survivors and non-cancer individuals, fat, protein, vitamin A, B vitamins, niacin, and phosphorus, which are primarily ingested from animal food sources, showed significantly lower intakes in the cancer survivors. The proportion of total energy from fat and the protein intake were even lower than the intakes in non-cancer II individuals, who generally require dietary restrictions due to comorbidities. Cancer survivors are highly motivated to adopt healthy lifestyle behaviors [7, 36] , and their interest in a healthy lifestyle has been shown to mostly focus on diet, especially a low-fat diet [37] . The nutrition guidelines for cancer survivors in Western countries generally recommend diets high in vegetables, fruits, and whole grains and low in fat [9] . However, for cancer survivors in Asian countries, such recommendations might make them increase their carbohydrate intake and reduce their intake of animal products, inducing far lower levels of protein and fat as proportions of the total caloric intake and relatively higher carbohydrate intakes. The higher vitamin C intake levels in survivors could suggest a higher intake of vegetables and fruits in cancer survivors, which follows the current guidelines well. Therefore, the adaptation of nutrient intake guidelines from Western countries without considering the differences in dietary intakes between Western and Asian countries in the general population may produce negative effects on nutrient intakes in cancer survivors.
To the best of our knowledge, few studies have investigated the differences in nutrient intakes between survivors by cancer type. Survivors of gastric, colon, breast, cervical, and thyroid cancer, which are the five major prevalent cancers in Korea [3] , were compared with non-cancer I individuals.
The intake patterns of survivors of thyroid cancer, which is the most common cancer in Korea, were similar or better than the non-cancer I individuals. However, gastric, breast, and cervical cancer survivors showed worse nutrient intake qualities with lower protein intake. Additionally, gastric and breast cancer survivors showed poor nutrient intakes for several micronutrients and minerals. The nutrient intakes of gastric cancer patients generally deteriorate due to gastrectomy and chemotherapy [38] , which was supported by our results. However, a previous study in the United States proposed that breast cancer survivors have the best diet quality among the major types of cancer [13] , indicating that a regional approach to nutrient intake was needed.
Although our study has strengths, several limitations should be considered. First, the cross-sectional design based on baseline measurements of a cohort prevented the assessment of changes or trends in dietary intake after cancer diagnosis in cancer survivors. Thus, we could not investigate the changes in nutrient intake before and after cancer diagnosis in cancer survivors. Second, the cancer survivors and non-cancer individuals with/without comorbidities were divided based on self-reports, which could cause misclassification. However, previous studies reported a reasonably high validity for self-reported cancer histories [39] , and we considered the risk for misclassification bias to be minimal. Additionally, because the cancer stage and treatment information was not accessed by the questionnaires, evaluating their effects on dietary intakes in cancer survivors was not possible. Third, the subjects were recruited from health examination centers. Thus, they might be healthier than general cancer survivors or people without cancer and more concerned about healthy lifestyle, limiting the ability to generalize the results. Fourth, although we matched cancer survivors with non-cancer groups by age, gender, and recruitment center to eliminate their effects on dietary intake, the age distribution was still significantly different. We included age as one of the covariates in the conditional logistic regression model to reduce its effect. Additionally, we confirmed that the results were not significantly different, with the exception of minor changes in point estimates based on both the conditional analysis and logistic regression analysis (data not shown). Fifth, although food frequency questionnaires have been widely applied to access dietary intake in epidemiological studies, the measurement errors including the portion size or lower correlation with other tools, especially in Asian countries, should be considered [40] . Despite these limitations, to the best of our knowledge, this study is the first study to evaluate nutrient intake in cancer survivors as a whole and by cancer type compared with the non-cancer population using a relatively large sample size and a validated food frequency questionnaire. To increase the comparability, cancer survivors and two non-cancer groups were matched by age, gender, and recruitment center, and numerous possible covariates were adjusted for in the analysis. Additionally, the nutrient intake was compared with non-cancer individuals with comorbidities to obtain a perspective of cancer as a chronic disease.
Conclusions
A healthy diet is important for decreasing cancer-related adverse sequelae, comorbidities, and death and improving quality of life [7, 28] . We observed poor nutrient intakes in the cancer survivors, especially a lower calorie intake, inappropriate proportions of total energy (higher proportion of carbohydrate and lower proportion of fat and protein), and lower micronutrients derived from animal products. This pattern was different from observations in Western countries, where the higher intakes of energy and fat are important issues. Therefore, the adaptation of nutrition guidelines in Western countries for cancer survivors in Asia needs to be re-considered, and guidelines for Asian cancer survivors should be established based on dietary intake patterns in the general population.
